The relationship between hyperperfusion and temporary clipping was evaluated to determine the safe limit for the duration of temporary clipping in aneurysm surgery. Twenty-one patients surgically treated for a ruptured aneurysm were examined using xenon-enhanced computed tomography on postoperative days 4 to 13. Eight of the 16 patients undergoing temporary clipping had focal hyper perfusion; whereas the five patients without temporary clipping had no hyperperfusion.
Introduction
Abnormally high cerebral blood flow (CBF) caused by hyperperfusion,1,3,8,13) luxury perfusion, ' 5,7,12) or hyperemia",") can occur in global or focal regions,") and has been identified in patients with stroke, 1,3,7',12) head injury,",") and epilepsy. 13) Xenon-enhanced computed tomography (Xe-CT) showed that some patients suffer focal hyperperfu sion in the postoperative subacute stage, following aneurysm surgery involving temporary clips 17,18) Hyperperfusion is often caused by vasomotor paral ysis after ischemia, and the mechanism behind the hyperperfusion in such patients appears to be simi lar to that caused by postischemic reperfusion after prolonged temporary clipping. Temporary clipping of a parent artery is useful for preventing premature rupture during aneurysm surgery, but carries the risk of cerebral infarction. Studies of temporary ar terial occlusion in the management of intracranial aneurysm indicates that the safe limit ranges from 14 to 20 minutes. 4, 11, 15) This study investigated the relationship between temporary clipping and postoperative focal hyperperfusion to determine the safe limit for temporary clipping.
Subjects and Methods
I. Patient selection
Thirty-seven consecutive patients with cerebral aneurysms underwent surgery between December 13, 1994 and February 10, 1999 . Temporary clip ping was applied in 24 cases including four cases with premature rupture. Twenty-one patients were selected, in whom the aneurysms were clipped on days 0 to 2 after subarachnoid hemorrhage (SAH), and the first CBF examination was performed on postoperative days 4 to 13 after surgery (Table 1) . Patients with Fisher group 4 on initial CT were not included. Six aneurysms were located on the an terior communicating artery (AcomA), eight on the middle cerebral artery (MCA), and seven on the in ternal carotid artery (ICA). Sixteen patients, nine males and seven females aged 19 to 74 (mean 51.8) years, underwent temporary clipping at the parent artery of the aneurysm. The other five patients, two males and three females aged 41 to 70 (mean 58) years, did not undergo temporary clipping. On ad mission, 18 patients were classed as Hunt and Kosnik (HK) grades 1 or 2, and 14 patients had Fisher group 3 on initial CT. Cerebral angiography was conducted before and 3 weeks after surgery .
General anesthesia was induced using intravenous thiopental and maintained with nitrous oxide and isoflurane. Before and during temporary clipping, agents such as mannitol, phenytoin, methylpred nisolone, and vitamin E (Sendai Cocktail") were administered intravenously with induced systemic hypotension using prostaglandin E1 or nicardipine at a systolic blood pressure of 90 to 100 mmHg.
Nizofenone, sodium ozagrel, and fasudil hydrochlo ride were routinely injected as prophylaxis against cerebral vasospasm for 2 weeks after surgery. Induced hypertension, hypervolemia, and hemodi lution therapy were attempted as required, and continuous cisternal drainage for 1 to 2 weeks was undertaken for all patients. CBF studies were conducted using a Xe-CT CBF system") (AZ-7000, AZ-725; Anzai, Tokyo) adapted to an Xpeed CT scanner (Toshiba, Tokyo). After the first Xe-CT study, follow-up CBF studies were per formed in the patients with hyperperfusion. Patients inhaled 30% stable xenon gas in oxygen for 3 minutes, followed by a clearance period of 5 minutes, and CBF values were calculated.") CBF was measured 44 times in the 21 patients. Hyper perfusion on Xe-CT was assessed visually compared to the regional CBF (rCBF) of the contralateral area in the unaffected hemisphere. Hyperperfusion was also evaluated by the interhemispherical rCBF ratio. Possible neurological symptoms in duced by hyperperfusion were also analyzed: Symp tomatic vasospasm based on the motor dysfunc tion, speech and mental disturbance in the subacute stage, outcome according to the Glasgow Outcome Scale (GOS), and occurrence of cerebral infarction in the vascular area applied by the clipped arteries.
IV.
Statistical methods
The Mann-Whitney U test was applied to compare patients with and without hyperperfusion, and the chi-square test was used for individual factors relat ed to hyperperfusion. Differences were judged sig nificant at p < 0.05.
Results

I.
Clinical outcome A focal hyperperfusion area corresponding to the area supplied from the parent artery of the aneurysm was detected in eight of 16 patients on postoperative days 4 to 13 who underwent tem porary clipping, and in none of the five patients without temporary clipping. Hyperperfusion was observed in three of eight patients with MCA aneurysms, four of six with AcomA aneurysms, and one of seven with ICA aneurysms. Hyperperfusion rCBF values ranged from 75 to 116 (mean 93) ml/100 g/min, whereas mean CBF values of the unaffected hemisphere were 29 to 48 (mean 37) ml/100 g/min. The interhemispherical ratio ranged from 1.3 to 2.31 (mean 1.7).
Cerebral infarction was seen in seven of eight patients with hyperperfusion and in two of eight without hyperperfusion of the 16 patients who un derwent temporary clipping and in one of five without temporary clipping. Symptomatic vasospasm was seen in nine patients including six with hyperperfusion (Table 1 ). The GOS outcome for the eight patients with temporary clipping and hyperperfusion was good recovery (GR) in four, moderate disability (MD) in three, and severe disability (SD) in one. The eight patients with tem porary clipping but without hyperperfusion had GR in six and MD in two. The patients without tem porary clipping had GR in four and SD in one.
Hyperperfusion was significantly related to cerebral infarction (x2; p = 0.0027) and to the occurrence of symptomatic vasospasm (x2; p = 0.0261), but the GOS was not significantly related (Table 2) . The duration of single temporary clipping ranged from 4 to 34 minutes, total duration of temporary clipping from 4 to 60 minutes, and temporary clip ping repetitions from 1 to 5. Total duration and maximum single duration of temporary clipping were significant factors in the occurrence of hyper perfusion. The total duration of temporary clipping in patients with hyperperfusion was 31.9 ± 14 (mean ± SD) minutes, compared to 13.9 ± 10.3 minutes in patients without (p = 0.0157). The max imum single duration of temporary clipping in pa tients with hyperperfusion was 18.4 ± 10.4 min utes, compared to 8.6 ± 3.4 minutes in patients without (p = 0.0313). Temporary clipping repeti tions was not significant, 2.9 ± 1.2 in patients with hyperperfusion and 1.8 ± 0.9 in those without (p = 0.0742). A 44-year-old male (Case 1) with HK grade 2 and a ruptured left MCA aneurysm required temporary arterial occlusion twice during operation for a total of 21 minutes. Xe-CT CBF study showed hyperper fusion in the left MCA area, with the rCBF value decreasing from 104 ml/100 g/min on day 5 to 18 ml/100 g/min on day 52, and the interhemispherical ratio from 1.56 to 0.38 (Fig. 3) . The outcome was GOS MD due to mild motor weakness and motor aphasia. in the left middle cerebral artery (MCA) territory at the level of 5 cm above the orbitomeatal line, with a regional cerebral blood flow (rCBF) value of 104 ml/100 g/min and interhemispherical ratio of 1.56; and 52 days after surgery (right) showing hypoperfusion in the same left MCA territory, with a rCBF value of 18 ml/100 g/min and interhemispherical ratio of 0.38.
Discussion
The CBF value defining hyperperfusion or hypere mia has not been determined, but 21% and 72% in creases of CBF measured by single photon emission CT (SPECT) have been described as hyperemia dur ing the subacute phase of stroke.') The present study indicated an interhemispherical ratio of 1.7, or a 70% increase of CBF. Globa110) and focal") hyperemia has been ob served in patients with head injuries.") Hyperemia is theoretically not the same as hyperperfusion, but the term has been used to describe abnormally high CBF in many studies. ', 2,5,10.12,14) Global hyperemia is malignant and associated with increased in tracranial pressure and poor outcome, whereas focal hyperemia is benign and associated with minimal effect on intracranial pressure and level of consciousness, and with better outcome.14)
Just as the prognosis for patients with head trauma depends on the extent of hyperemia, the extent of hyperperfusion in patients with SAH seems to affect outcome, although vasospasm and severity of initial SAH may also be involved. Almost all of our patients with focal hyperperfusion, except one with HK grade 3 (Case 6), attained better outcomes. Hyper perfusion or hyperemia is transient, and observed in the acute and subacute stages on day 2 after mild SAH,1) days 0 to 13 after postischemic reperfusion,8) days 9 to 15 after stroke,') day 1 after arteriovenous malformation surgery 3) days 3 to 6 after episodes of coma, 2) days 1 to 8 after severe head injury,") within 3 days after severe SAH,12) and within 2 weeks after head trauma.") In our study, hyperperfusion was observed in the period of vasospasm after SAH on days 4 to 13 and was significantly related with symptomatic vasospasm. However, vasospasm is generally considered to cause decreased rCBF in 
